Background

58
Diabetes is the leading cause of morbidity and mortality all over the world. Type 2 diabetes 59 prevalence was 415 million people in 2015 and projected to reach 642 million by 2040 [1] .
60
Diabetes is known as a significant risk factor for rigorous and progressive periodontitis, infection or lesions 61 resulting in the obliteration of tissues and supporting bone that form the attachment around a tooth. Whereas 62 the oral cavity presents a permanent source of infectious agents, and its state often mirrors the progression 63 of systemic pathologies. Diabetes and periodontitis are thought to share a common pathogenesis that 64 involves triggering inflammatory responses that can be perceived at both local and systemic levels. This 65 reciprocal relationship between diabetes and oral health has been supported by lots of evidence [2] . The 66 reciprocal relationship presents an example of systemic disease predisposing to oral infection, and when 67 that infection is present, the oral infection aggravates the progression of the systemic disease. In addition, 68 several studies suggested that controlling one arm in this reciprocal relationship can lead to improvement 69 Torrent Suite Software at primary base calling analysis including trimming low-quality 3' ends of reads, 201 removing duplicated reads, filtering out entire reads with average quality score less than Q20 (base call 202 quality), removing of adapter sequence, removal of lower-quality 3' ends with Low-Quality Scores, 203 removing short reads, removing adapter dimers, removing polyclonal reads etc. Q20 is Phred scale score 204 based on error probability (-10×log10). Q20 corresponds to a predicted error rate of one percent. AQ20 is 205 read length at which the error rate is 1% or less. IonTorrent PGM generated sequences saved in binary 206 alignment map (uBam) file format consist base call sequences, flow (flowgram), and qual (quality score). 207
IonReporter Uploader plugin used to transfer all samples high-quality data from Torrent Suite Software to 208 
Statistical and phylogenetic analysis 244
All statistical and diversity indices were computed with the statistical software R, the vegan R-package and 245
Past318 software [24] . MEGA 7 software was used to calculate phylogenetic diversity values [25] . 246
Results
247
Subjects' Recruitment 248
A total of 800 subjects were screened from patients followed at University Diabetic center or their normal 249 companions. Out of which 180 patients had fulfilled the inclusion criteria were type 2 diabetes aged 40 to 250 55 years and Saudi nationals. Those patients were interviewed by research physicians and only 44 subjects 251 fulfilled the study protocol after excluding any subjects used an antibiotic for the last 6 months or known 252 to have a severe periodontal disease. Patients on folic acid or refusing dental appointment or providing 253 saliva sample were excluded. The final study cohort included 19 normoglycemic subjects, 10 individuals 254 with impaired glucose tolerance and 15 type 2 patients with diabetes. The selected study cohort had a 255 different age range been 41-56 years, 33-53 years and 45-53 years for normal, IGT and diabetic groups 256 respectively. Males were more predominant than females in the normal and diabetic group but were equal 257 in IGT patients. Mild periodontitis was found in one diabetic patient, three IGT patients and four normal 258 subjects as shown in Table S1 . The mean diabetes duration was 11.67 years ranging from 3 to 20 years. 259
There was one patient with diabetic nephropathy and proliferative retinopathy. HbA1c was ranging between 260 6.4% and 27.6% with a mean of 9.61% while fasting blood sugar values ranged between 5-18.3 mmol/L 261 and a mean of 10.21 mmol/L. None of the medications prescribed to all diabetic subjects were having 262 known effect on the oral microbiome and all normal subjects were not taking any medication during the 263 study period 264
Sequencing information and Taxonomic assignment of reads 265
We determined the bacterial compositions in the subjects in this study using 16S rRNA gene amplicon 266 analysis with an Ion PGM. After applying the read quality and length filters, a total of 24568466 raw reads 267 were obtained, while, the number of reads per samples ranged between 293442-4016984 with a mean of 268 558374 reads per sample. Though ion reporter software automatically removes chimeric reads, UCHIME, 269
Chimera Slayer and Decipher identified only 0.66% chimeric reads that were later excluded. The average 270 read length was 175 bases. The sequences were assigned to a total number of 551 operational taxonomic 271 units (OTUs), using a cutoff distance of 0. Most of these reads (99%) were to the species level. The total number of species (OTUs) observed in the 277 normoglycemic group was 502, while the number of the observed OTUs in the impaired glucose tolerance 278 group was 412, while only 372 OTUs were observed in the diabetic group. The rarefaction curve for the 279 number of observed species (OTUs) per sample almost reached a plateau after 10000 to 15000 sequence 280 reads (Fig. S1 ). The number of shared species among the three studied groups was 311. While the number 281 of shared (OTUs) only between the normoglycemic group and impaired glucose tolerance group was 78. 282
Whereas the number of shared (OTUs) only between the normoglycemic group and the diabetic group was 283 27. The number of shared (OTUs) only between impaired glucose tolerance and the diabetic group is 8. 284
The number of species (OTUs) observed only in the normoglycemic group was 86, while 15 species (OTUs) 285
were observed only in the impaired glucose tolerance group and 26 species (OTUs) were observed only in 286 the diabetic group (Table. S2) . 287
The core bacteriome class level 288
For the overall sample population (44 individuals), the number of observed classes that represents the core 289 taxa (95% of reads) was 11 classes all belonging to domain bacteria. Namely, Actinobacteria, Bacilli, Similarly, for the normoglycemic group, the number of observed class that represents the core taxa (95% 297 of reads) was also 11 classes. Class Bacteroidia represented 31% of the core microbiome, followed by class 298
Bacilli 21.1% while the least was class Flavobacteriia that represented only 0.25% of the core microbiome. 299
For the impaired glucose tolerance group, the same number and identities of classes, that represents the 300 core taxa (95% of reads), also observed (11 classes). Once more, class Bacteroidia represented the highest 301 percentage (26%) of the core microbiome. However, Gammaproteobacteria represented the second 302 dominant taxa in impaired glucose tolerance group (21%) followed by Actinobacteria (17%), then class 303
Bacilli (16.4%). Class Erysipelotrichia was the least component of the IGT core microbiome (0.22%). 304
For the diabetic group, the number of observed class that represents the core taxa (95% of reads) was also 305 11 classes. Namely, Actinobacteria, Bacilli, Bacteroidia, Betaproteobacteria, Clostridia, 306
Epsilonproteobacteria, Erysipelotrichia, Fusobacteriia, Gammaproteobacteria, Negativicutes, and 307
Spirochaetia. In this group we observed the appearance of class Spirochaetia for the first time in the core 308 
320
For the normoglycemic group, the number of observed families that represents the core taxa (95% of reads) 321 was 24. Family Prevotellaceae presented the highest percentage of the core microbiome (29.41%) while 322 family Clostridiales XI. Incertae Sedis presented the lowermost percentage (0.14%). 323
For the impaired glucose tolerance group, the number of observed families that represents the core taxa 324 (95% of reads) was 23. Family Prevotellaceae presented the highest percentage of the core microbiome 325 (24.2%) while family Peptostreptococcaceae presented the lowermost percentage (0.16%). 326
For the diabetic group, the number of observed families that represents the core taxa (95% of reads) was 327
Family Prevotellaceae presented the highest percentage of the core microbiome (27%) while family 328
Peptostreptococcaceae presented the lowermost percentage (0.23%) (Figure 5 and 6) . 
345
For the normoglycemic group, the number of observed genera that represents the core taxa (95% of reads) 346 was 34. Genus Prevotella presented the highest percentage of the core microbiome (28.29%), followed by 347 genus Streptococcus (23.35%), whereas genus Peptostreptococcus presented the lowest percentage 348 (0.12%). For the IGT group, the number of observed genera that represents the core taxa (95% of reads) 349 was 27. Genus Prevotella presented the highest percentage of the core microbiome (23.41%), followed by 350 genus Haemophilus (17.75%), whereas genus Filifactor presented the lowest percentage (0.16%). 351
For the diabetic group, the number of observed genera that represents the core taxa (95% of reads) was 29. 352
Genus Prevotella presented the highest percentage of the core microbiome (25.83%), followed by genus 353 Rothia (11.26%), whereas genus Lachnoanaerobaculum presented the lowest percentage (0.16%). For the normoglycemic group, the number of observed species that represents the core taxa (95% of reads) 369 was 87. Species Prevotella melaninogenica presented the highest percentage of the core microbiome 370 (13.19%), followed by Rothia mucilaginosa (10.34%), then Haemophilus parainfluenzae (9.42%) while 371 species Actinomyces denitrificans presented the lowermost percentage (0.11%). 372
For the IGT group, the number of observed species that represents the core taxa (95% of reads) was 71. 373
Species Haemophilus parainfluenzae presented the highest percentage of the core microbiome (15.83%), 374 followed by Rothia mucilaginosa (13.04%), then Prevotella melaninogenica (10.87%) while species 375
Streptococcus infantis presented the lowermost percentage (0.15%). 376
For the diabetic group, the number of observed species that represents the core taxa (95% of reads) was 76 377
Species Rothia mucilaginosa presented the highest percentage of the core microbiome (10.12%), followed 378
by Prevotella melaninogenica (9.61%), Haemophilus parainfluenzae (6.12%), then Streptococcus 379 salivarius (5.35%). Whereas, species Prevotella oulorum presented the lowermost percentage (0.12%). 380
The Supplemental Figure 2 presents the taxonomic illustration of the common core microbiome taxa 381 distribution in, overall population, normoglycemic group, impaired glucose tolerance group and diabetic 382 group in the mentioned above taxonomic levels. In addition (Figure 11 ) reflect the quantitative comparison 383 of the 88 species for the core microbiome amongst the three glycemic groups. Moreover, Figure 12 presents 384 a core microbiome (species level) comparison between the three glycemic groups. 
394
Biological diversity amongst different glycemic groups 395 Table 1 presents the biological alfa diversity information and diversity indices values calculated among the 396 three-investigated glycemic control. As we stated before the number of observed OTUs/species was the 397 highest in the normoglycemic group (502), followed by the IGT group (412) then the diabetic group. 398
Amongst the calculated diversity indices, the most well-known and accepted indices are Chao-1, Margalef 399
and Fisher alpha showed that the biological diversity decrease from normoglycemic status toward the 400 diabetic group. Figure 14 presents the biological diversity using Chao-434 1 diversity index presented in a box plot illustration. The mean value for normal subjects was 361±32, while 435
IGT patients had a mean of 322±22 and 262±18 was the mean for the diabetic population. The difference 436 between the 2 groups was significant with a p-value <0.001. 
Discussion:
477
In this study we selected diabetic and IGT patients to represent abnormal glucose metabolism conditions. 478
We utilized a very strict criterion to select individual participating in this investigation. The normal control 479 subjects were selected from the patient's immediate family members to account for host genetic background 480 and environmental effects which are very important factors for host-associated microbial communities. It 481 was found that oral microbiome similarity increased with shared host genotype, irrespective of dental state. 482
In addition, it was found that environmental factors have also a great influence on the oral microbiome, 483 however, many taxa are inherited from the parents. On the other hand, possibly cariogenic bacterial taxa 484 are likely not controlled by genetic factors [26] . In our study we selected subjects and diabetic patients that 485 are either free of any periodontitis or having mild periodontitis to diminish the effect of oral health on the 486 oral microbiome structure and attempt to make any observed changes in the oral flora is due to the glycemic 487 In general, we noticed that more than 50% of the total observed species were shared by the three clinical 498 groups, while 20% were shared by any two of those clinical conditions and the remaining 30% were 499 distributed in a single group (Figure 1) and (Supplementary Table 2) . However, we observed 86 OTUs 500 only in the normoglycemic group, 15 OTUs only in the IGT group and 26 OTUs only in the diabetic group. 501
In addition, we observed 78 shared OTUs between the normal and IGT groups, 27 between Normal and 502 diabetic groups and 8 between IGT and diabetic groups. These shared OTUs considered transitional taxa. 503
We propose that these differential and transitional species associated with each clinical state could have a 504
clinical value and require a closer screening. Thus, we investigated the number and types of bacterial 505 species for being non-pathogenic, pathogenic or beneficial or probiotic bacteria. The non-pathogenic taxa 506 are those bacteria that were not oral tissue infection or caries, while pathogenic species are those that were 507 found to be associated with any oral infections such as periodontitis or related to dental caries. Whereas the 508 probiotic microorganisms are these providing oral or general health benefits. 509
First, for the 86 OTUs exclusive to the normoglycemic group, 63 (73.3%) were not oral pathogens, 15 510 (17.4%) were oral/dental pathogens and 8 (9.3%) were beneficial of probiotic bacteria (Supplementary 511 Table 3 ). For example, Actinomyces radicidentis was isolated in pure culture from infected root canals of 512 teeth [33] . Moreover, Mogibacterium neglectum recovered from tongue plaque and necrotic dental pulp 513
[34]. On the other hand, Lactobacillus paracasei, which has been established to suppress the growth of 514 many cariogenic and pathogenic microbes such as Streptococcus mutans, was only observed in the 515 normoglycemic group [35] . Moreover, we observed the presence of Lactobacillus oris only in the 516 normoglycemic group. Lactobacillus oris is a candidate probiotic for the prevention of oral diseases [36] . 517
One more beneficial bacterial species we observed in only in this group was Lactobacillus crispatus. L. 518 crispatus is considered as a new probiotic species with probable oral health benefits with high antibacterial 519 activity against periodontal bacteria [37] . 520
Secondly, for the 15 OTUs exclusive to the IGT group, 7 (46.7 %) were not oral pathogens, 5 (33.3 %) 521
were oral/dental pathogens and 3 (20%) were beneficial of probiotic bacteria. The oral/dental pathogens 522 exclusive for IGT group were Enterococcus gallinarum, Streptococcus genomosp, Capnocytophaga sp. 523 This marked increase in the pathogenic content of the hyperglycemic microbiome could be explained by 560 the decreased immunity associated with this condition and/or the acidification of saliva as a result of the 561 presence of glucose since those two factors are known to affect the growth of microorganisms in the oral 562 cavity [62] . Among type 2 diabetic patients, the microbiome distribution was totally different from normal 563 subjects or IGT patients. This group of patients had the highest rate of pathogenic microbiome at 38.5% 564 and more non-pathogenic bacteria than IGT patients but less than normal subjects. There were no probiotic 565 microorganisms isolated from the oral cavity of those patients. The increase in pathogenic oral microbiome 566 observed in this group may share the same factors explained in the IGT group, although the factors will be 567 more in this group namely: lower immunity and higher oral cavity acidity. The reasons behind the total 568 absence of probiotic microorganisms could be the increased pathogenic microbiome which could be 569 associated with the presence of toxic materials that would inhibit probiotic bacteria. Other factors that are 570 related to hyperglycemia may have had contributed to this change which needs further studies. In addition, 571 a future pathogenomics study will be required to confirm our observed results on a metagenomic level. 572 573 574
Strain F0488, Treponema pectinovorum and Moraxella caprae (Supplementary
Conclusion:
575
In the present study, we observed clear reduction in the biological and phylogenetic diversity in the diabetic 576 and pre-diabetic oral microbiome in comparison with the normoglycemic oral microbiome. However, this 577 reduction was associated with an increase in the pathogenic content of the hyperglycemic microbiomes. A 578 future pathogenomics, i.e. pathogenicity and virulence factors determinant, study will be essential to 579 confirm our observed results on a metagenomic level. Tables:   778   Table 1 : Diversity indices for the total microbiome for the three glycemic groups. 779 Table 2 : Diversity indices for the total microbiome of the normoglycemic group. 780 Table 3 : Diversity indices for the total microbiome of the Impaired glucose tolerance group. 781 Table 4 : Diversity indices for the total microbiome of the diabetic group. 
